Assembly and stability of the shiga toxins investigated by electrospray ionization mass spectrometry.
A systematic investigation into the assembly and stability of native and modified subunits of the Shiga toxins (Stx) in vitro is described. Analysis of the assembly of native and modified B subunits of Stx1 and Stx2 in solution, carried out using electrospray ionization mass spectrometry (ES-MS), suggests that the lower thermodynamic stability of the B subunit homopentamer of Stx2, compared to that of Stx1, is due to the presence of a repulsive interaction involving Asp70 of the Stx2 B subunit. In Stx1 B, the corresponding (spatially) residue is Arg. Using temperature-controlled ES-MS, it is shown that the Stx1 and Stx2 holotoxins exhibit differences in their resistance to temperature- and acid-induced dissociation. However, both Stx1 and Stx2 are fully assembled at pH >3.5 and 37 degrees C. This finding has several important biological implications. First, it argues against the likelihood that the difference in Stx1 and Stx2 toxicity arises from differential dissociation of the toxins during the intracellular trafficking steps of the cellular intoxication process. Second, it implies that the activation of the A subunits of Stx1 and Stx2 by enzymatic cleavage must occur while the A subunit is assembled with the B subunit homopentamer. It is, therefore, proposed that the differential toxicities of Stx1 and Stx2 reflect the relative efficiencies of intracellular activation of the A subunits.